Abstract-This article describes development and construction of an evolutional MCPA (Multi-channel Power Amplifier) using digital pre-distortion for digital terrestrial TV broadcasting. In this equipment, a wide-band of 50MHz and over, is produced by using a high -speed A/D and D/A converter with a sampling frequency of 200MHz and more. We also developed a new method that detects PA distortion by adding the RF output signal and inverted RF input signal to reduce the dynamic range and new algorithm to compensate with a high speed. Using these new methods, we obtained IMs of -50dB and under with multiple channel inputs and much higher efficiency than conventional ones. This technology also can be applied for designing amplifiers in the GHz band because its theory of principle does not depend on operating frequencies.
INTRODUCTION
We developed a wide-band, high-efficiency and costeffective multi-channel power amplifier (MCPA) using digital pre-distortion for digital terrestrial TV broadcasting. Although feed-forward type MCPAs using analog technology have been developed, the efficiency was low because a sub-amplifier for distortion compensation (1) - (2) was indispensable. An adaptive pre-distortion type PA also has been developed for main broadcasting stations. However, its bandwidth was 6MHz at most (3) . In this equipment, a wide-band of 50MHz and over, is obtained by using a high-speed A/D and D/A converter with a sampling frequency of 200 MHz and over. We also developed a new distortion-detecting method to reduce the dynamic range by adding the RF output signal and inverted RF input signal, and a new algorithm that can compensate with a high speed. Using these new methods, we obtained IMs (Inter-modulation) of50dB and under with multiple channel inputs and much higher efficiency than conventional ones. Table 1 shows the target performance. This equipment employs digital pre-distortion. Bandwidth of 50MHz that can transmit eight TV channels simultaneously and IMs of -50dB and under was targeted. Figure 1 shows the schematic diagram of the MCPA. The MCPA consists of a pre-distorter, a digital circuit for calculating distortion for compensation and a power amplifier. The predistorter having inverted characteristics of the PA is composed of an amplitude control circuit to compensate AM-AM characteristics of the PA by the controlling the gate voltage of FET and a phase control circuit to compensate AM-PM characteristics of the PA by controlling the voltage applied between the anode and cathode of a diode.
II. SPECIFICATIONS AND CONFIGURATION
The input RF signal is converted into the IF signal (37MHz band) by a down-converter to be digitalized by a 12-bit A/D converter with a sampling frequency of 200MHz approximately. Next, envelope level of the RF input signal is calculated to obtain the amplitude and phase values for compensation using LUT (Look up Table) . These values are converted into analog signals with the D/A converter to control the input RF signal with the phase and amplitude control circuit at the pre-distorter.
The input RF signal is compared to the output RF signal to minimize the output IM distortion for renewing LUT adaptively. Though IM distortion can be compensated by inverted characteristics of the PA theoretically, it is impossible to compensate considering all factors, for example, temperature, timeworn changes, etc.
Therefore, this equipment uses a new algorithm renewing the LUT data sequentially to minimize the PA distortion by using the differential signal between the input RF and output RF signal.
This new method that obtains the differential signal by adding the RF output and inverted RF input signal is very effective to reduce the dynamic range.
An external view of the MCPA is shown in Fig.2 . The MCPA is 315(Width) x 102.5(Height) x 360(Depth) in size, and 10.5kg in weight.
III. THEORY OF OPERATION
IM distortion is compensated as follows. The input RF signal is compared to the output RF signal to extract IM distortions,and are divided into inphase components (the same phase as the input RF signal) and quadrature components. Amplitude and phase distortion signals for compensating the input RF signal are generated at the ROM by calculating above components. Table 1 Design specifications.
Those analog RF signals for controlling the pre-distorter are obtained by the two D/A converters. Fig.3 shows distortion compensation model. Letting the PA input signal be X, and characteristics of the PA including distortion be f(X),the following formula expresses the PA output signal(Yamp).
Yamp=f(x) (1) Next,letting the function expressing distortion characteristics of the pre-distortor (output signal of the pre-distortor) be g(x), f(g(x))=x (2) Since g(x) shows characterristics of the pre-distorter, it can be set freely.
g(X) is obtained by formula (2) g(x)=f -1 (x) (3) Distortion characteristics of the PA can be expressed by AM-AM and AM -PM component so that f -1 (x) is represented by cofficient a (complex mumber) and |x| 2 (envelope power of the input RFsignal ) as shown below
Distortion (yd) in terms of the input signal (x) is expressed by the following formula because this equipment uses the differential signal between the input RF and output RF signal for sensing distortion. yd={b1+b3|x| 2 +b5|x| 4 +-----}x (5) Where, b is the gain difference between input and output. Distortion can be reduced by controlling |x| and b shown in formula (5) to minimize the IMs at wideband range.
In this equipment, amplitude and phase are compensated according to the envelope level so that envelope level sensing at real time is indispensable.
This envelope level needs to be detected in the wide band. However, envelope level ranging about 60MHz band could not be detected by a conventional method using a diode.
Therefore, we employed a new method that senses it by calculating the down converted IF envelope level after A/D converted.
Letting I be in-phase component of base band signal and Q be quadrature component of the base band signal, down converted IF signal (V(t)) is expressed as follows.
V(t)= I cos(wt) +Q cos(wt) 2 ) cos(2wt))/2+IQ sin (2wt) (7) The first term of formula (7) expresses envelope of the base band, while the second and third term show double frequency of the input signal so that only the first term signal can be taken out by doubling the IF signal to be passed through a LPF. 
IV. PERFORMANCE OF THE EQUIPMENT
We evaluated distortion compensation performance and efficiency of the equipment with a total output of 15W.
OFDM signals (eight channels maximum) are used as the input RF signal.
(1) Output spectrum characteristics with IM optimized Fig.5 shows an output spectrum waveform of the equipment with an input of four channels (16ch-19ch; 488MHz-512MHz). IMs of -50dB and under were obtained. The efficiency of PA section only was 13 % and overall efficiency was 10.2%.
An output spectrum waveform with inputs of eight channels (14ch-21ch; 476Hz-524MHz) are shown in Fig.6 . IMs of-42dB and under was obtained.
(2) Output spectrum characteristics with efficiency optimized IMs of -47dB are obtained with inputs of four channels (16ch-19ch; 488MHz-512MHz). The efficiency of the PA section only was 15 % and overall efficiency was 11.2%.
(3) Distortion compensation with a C/N of the input RF signal degraded Distortion compensation characteristics was measured with a C/N of the input RF signal degraded. Fig.7 shows the output spectrum waveforms with an input C/N of 56dB. IM improvement of 20.5dB was obtained. Fig.8 shows the output spectrum waveforms with an input C/N of 25dB. Though an amount of IM compensation could not be confirmed clearly because of the noise, distortion compensation was stable. Stability with some channels failed in operation is very important. Fig.7 shows IMs in terms of the settling time when the number of the input channel were changed from eight to seven (only one channel failed) and from seven to eight (the one channel was recovered). No problems were found in both cases. Fig.8 shows IMs in terms of the settling time when the number of the input channel were changed from eight to two (six channels failed) and from two to eight (six channels were recovered). Though it took 25 seconds for recovering by failure of many channels, the equipment was very stable. (5) Comparison between this equipment and feed-forward type Table 2 shows the performance comparison between this equipment and a conventional feed-forward type MCPA. The efficiency of this equipment was 1.5 -1.6 times greater than conventional one with a total output power of 15W. If total output power was 60W, an overall efficiency of the equipment efficiency will be 2 times greater than the conventional one because consumption loss of this equipment do not depend on its output power (losses of the compensation circuit are constant). Consumption power can be reduced in half compared to conventional one. This means that power supply equipment, buildings and etc. can be small-sized so that total system will be very cost-effective.
V. CONCLUSION
We developed a wideband (50MHz) and high efficient MCPA using digital pre -distortion for digital terrestrial broadcasting stations. IMs of -50dB and under with an input of four channels, and -42dB and under with an input of eight channels was obtained. The efficiency was 1.5 -1.6 times greater than a conventional one with a total output power of 15W.
This technology also can be applied for designing microwave band amplifiers very easily because its theory of principle does not depend on operating frequencies. (From 8 channels to 7 channels) (From 7 channels to 8 channels) (From 8 channels to 2 channels) (From 2 channels to 8 channels) Table 2 Performance comparison.
